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1912 - 2012: 100 anni di scoperte
\

La rivelazione della radiazione cosmica puo’ essere considerata la scoperta del
secolo € ha modificato la nostra visione del cosmo.

A ragione puo’ essere considerata una pietra miliare degli inizi della
fisica delle particelle

Prima dello sviluppo della fisica degli acecleratori, la ricerca sui raggi cosmici ha
portato alla scoperta di molte importanti particelle elementari come ad esempio 1’anti-

particella dell’elettrone, il positrone, cosi’ come 1l muone ed 1l pione.
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Scoperte dal 1898 al 1964
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Ay July 4th, 2012: Higgs
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Cronologia delle Fisica delle
Particelle

Gli inizi:
sinergia tra ’infinitamente piccolo e
Pinfinitamente grande

1895 Scoperta dei raggi X (W. Roentgen)

1896 Scoperta della radioattivita’ (H. Becquerel)
1897 Scoperta dell’elettrone (J.J. Thomson)

1898 Isolamento del radio (M. Curie and P. Curie)
19035 Teoria della relativita’ speciale (A. Einstein)
1909 La particella a e un nucleo di elio (Rutherford and Royds)

1911 Scoperta del nucleo dell’atomo (E. Rutherford)

1912 Scoperta della radiazione cosmica (Victor Hess)

1913 Modello atomico planetario (N. Bohr)

1915 Teoria della relativita’ generale (forma finale) (A. Einstein)

1919 Eddington osserva deviazione della luce in una eclisse totale del Sole
1926 Meccanica quantistica (E. Schrodinger)

1927 Equazione di Dirac e predizione delle anti particelle (P. Dirac)
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Cronologia delle Fisica delle
Particelle

Il periodo intermedio: "v
i tempi d’oro dell’infinitamente grande ‘o

1928 Teoria della radioattivita’ a (Gamow,
Gurney, Condon)

1930 Hubble scopre L’espansione dell’universo

1930 Ipotesi esistenza neutrino (W. Pauli)

1930 Invenzione del ciclotrone (E.O. Lawrence)

1932 Scoperta del neutrone (Chadwick)

1933 Scoperta del positrone nei raggi cosmici (Anderson)

1934 Teoria della radioattivita’ p (E. Fermi)

1935 Ipotesi dei mesoni (Yukawa)

1937 Scoperta del muone nei raggi cosmici (Neddermeyer, Anderson)

19477 Scoperta del pione nei raggi cosmici(Powell)

1947 Scoperta kaone e “particelle strane”’nei raggi cosmici (Rochester & Butler)

1950 Scoperta del barione “strano A (Hopper & Biswas)
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Cronologia delle Fisica delle
Particelle

Tempi Moderni:
I’era d’oro dell’infinitamente piccolo

1955 Scoperta dell’antiprotone al Bevatron (Chamberlain & Segre)

1956 Scoperta dell’antineutrone al Berkeley Bevatron

1956 Rivelazione sperimentale del neutrino (Reines, Cowan @ Los Alamos)

1974 Scoperta della risonanza J/y (quark Charm) (Richter & Ting)

1975 Scoperta del leptone T (Perl SLAC-LBL)

1977 Scoperta del quark bottom (E288 Fermilab)

1983 Scoeprta dei bosoni W e Z (Rubbia & Van der Meer)

1995 Scoperta del quark top (D0 e CDF)

2000 Scoperta del neutrino T (DONUT)

1995- Scoperta delle oscillazioni e della massa del neutrino (neutrino solare ed
atmosferico) (Homestake, GALLEX, SAGE, Super-K, SNO, ...)

2012 Scoperta del bosone di Higgs all’ LHC (ATLAS, CMS)
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Cronologia della Fisica delle Particelle

Per risolvere il “puzzle” delle particelle, i fisici richiedono delle energie
sempre maggiori di quelle che la odierna tecnologia
degli acceleratori ¢’ in grado di offrire.
Ecco perche’ alcuni di essi hanno deciso di

TORNARE ALLA RICERCA NEL COSMO !

Sin dalla meta’ degli anni ’80 fino ad ora, la fisica delle ASTRO-PARTICELLE
e’ stata un campo di attivita’ sempre crescente.
Infatti, qualsiasi sia il metodo utilizzato per ricercare le particelle
(dai raggi cosmici o utilizzando la tecnologia degli acceleratori)
la maggior parte delle domande ¢’ comune ad entrambi i campi.
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I1 Modello Standard della Fisica delle Particelle

; N — = R et My
B e o -

INTERAZIONI | : ,
e porse 100 anni1 per svilupparlo!

SUB)c X SUR)L X U(1)y

Verificato con incredibile

precisione!
[ MATERIA
(settore del
“sapore”) POTENZIALE %  Tiene conto di tutti 1 dati
HIGGS raccolti della fisica delle
(settore - .
elettrodebole partlcelle!

Settore Massa della rottura

del Neutrino spontanea di
(se Majorana) simmetria)

Il bosone di Higgs era il solo “pezzo del puzzle”
rimasto inosservato e rappresenta un portale verso
settori nascosti di nuova fisica
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Ci sono due osservazioni non ancora spiegate dal Modello Standard
che potrebbero essere correlate con nuova fisica alla scala
elettrodebole

.. 15% materia barionica

. . ‘ W‘V & - (1% stelle, 14% gas)
Materia Oscura nell’Universo = i

N
-
o SSEsi=.

Un tipo di materia invisibile e trasparente
(non interagisce con i fotoni)
la cui presenza e’ dedotta attraverso i suoi
effetti gravitazionali.

(Quasi) assenza di antimateria nell’ Universo

Asimmetria barionica: 18— M8  44-10

Ne + Ns
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Dall’ LHC non ci sono ancora

segni di nuova fisica

Many extensions of the SM have been n

developed over th ;
Supersymmet <

persymmetry ==
Extra-Dimensions e

N

Technicolor(s)

Little Higgs
No Higgs <o
ad S \

GUT \ ,
Hidden Valley \\\’

N\
Leptoquarks ‘\)}{:
N\

Compositeness "\
4™ generation (t', b')

LRSM, heavy neutrino

etc...

(for illustration only)
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1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...
G. Servant
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Candidati della Materia Oscura: due principali possibilita’

molto leggera & accoppiamento solo
gravitazionale — stabile su scale
cosmologiche

OR

interazione misurabile (ma non per
via forte) con lo SM — simmetria
necessaria per garantire a stabilita’

stabile rispetto ad una simmetria

WIMP

WIMP = Weak Interactive Massive Particle

Long-lived - ' | Lot
(stabile su scale cosmologiche) TDM > Tuniverse S

DM = Dark Matter

La restante abbondanza di un tipo di particella stabile segue dal

generico meccanismo di “freeze-out” termico dell’espansione
dell’universo.

Thermal relic: 2pmM X 1/6Gannih

Gannih = 1pb conduce alla corretta abbondanza di DM

In Theory Space

Peccei-Quinn (almost)

U= Standard
Model

PIa Oron
J Slerile

nelllrino

55974 2>—l¢ap/ez' C d.d t'
. = s analaarni
heary feroren Tytra Dimension :
iComposite Higgs KG/L;ZQ—K/Q'/: Oscura
photon
Zec hritferrron con QDM 1
KK
branon

ewimpzillas
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/

Nuclear recoils

Single scatters Annual rate variation
X vic=7x 104 ~ few % effect
En = 10 koV

WIMP flux on Earth: ~10° em~2s~1 (for a 100 GeV WIMP)

Segnale di “Elastic Scattering” in esperimenti sotterranei

Segnale di annichilazione nello spazio

La Materia Oscura puo’ produrre fotoni, / Raggi gamma
Y

elettroni, protoni, neutrini, secondari
antiprotoni, positroni Ao Y (Spettro
’ n0 .
W /Z/q Continuo)
WIMP Dark va

Matter Particles

Ecwm~100GeV m l}”{l‘i
X WHZg =

T Neutrinos
Raggi gamma primari \i
(Linee monoenergetiche B\ o
o0 spettro continuo) el N °
X Y +afew plp, did
Anti-matter
X X
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Strategie ricerca Materia Oscura

1. Direct detection >

Milky way

2. Indirect detection >

< 3. Production at the Large Hadron Collider I

7TV 77ev  Produzione Materia Oscura
all’ LHC
hadronic
g — I Visto nel
I rivelatore

leptons

/ Segnale di energia
Missing energy

AL ) mancante in acceleratori

di alta energia
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Antimateria: problemi e domande

La Teoria del Big Bang richiede una uguale abbondanza di materia e antimateria.

10 000 000 000
e —d ANTIMATERIA

Dopo I'inizio dell’ ”era” delle particelle,
non s1 ¢’ trovato alcun processo che

possa cambiare 11 numero netto di 10 000 000 001 -
particelle dell’universo. MATERIA

A partire da un millisecondo dopo 1l Big
Bang, 1l bilancio tra materia ed
antimateria e’ stato fissato per sempre.

i

Esiste una qualche ASIMMETRIA nel modo in cui la natura tratta materia e antimateria?

Una linea di investigazione molto promettente e’ quella delle CP violazioni della
simmetria CP nei decadimenti di particelle via interazione debole.

La principale evidenza sperimentale proviene dal decadimento del kaone neutro, che mostra una
piccola violazione della simmetria CP. Nel decadimanto dei kaoni in elettroni, abbiamo una netta
distinzione tra materia e antimateria, e cio’ potrebbe essere almeno una delle spiegazioni della
predominanza di materia rispetto all’antimateria nell’universo.

Una prima evidenza (3.50) si e’ avuta a LHCDb con 0.8% di differenza nel tasso di
decadimento del mesone D e della sua antiparticella (2011).

Questo potrebbe essere un altro contributo alla soluzione del problema dell’antimateria.
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http://hyperphysics.phy-astr.gsu.edu/hbase/particles/cern.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/dmeson.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/cpt.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/forces/funfor.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/cronin.html#c1

Antimateria: problemi e domande

La presenza di antimateria entro il nostro gruppo di galassie
e’ esclusa:
il segnale di annichilazione e’ troppo piccolo.

...Ina se una volta e’ esistita, dov’e’ ora ?
Lontano da noi ?

Esiste un qualche resto di antimateria nell’Universo vicino?

Singolo nucleo di anti-He nei raggi cosmici:
Agglomerati di Antimateria

Singolo nucleo di anti-C nei raggi cosmici:
Stelle di Antimateria

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016
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NON conosciamo ancora la fisica dei primi istanti dopo il BigBang !
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Particle Data Group, LBNL, © 2000. Supported by DOE and NSF

.... Materia Oscura e Antimateria sono solo due
esempi tra i tanti segreti dell’ Universo!
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Perche’ investigare nello spazio?

b

“ o \e RS
s = LI |
P Y
/ A b
/ o 3y ¢ |\
. 2 A -
| J '\
/ \':,
x <
Kolhﬂnﬂ:r/

0000 o (1914)

A . . o %
3 tel Tower |
{ 200 m(1910) \

D. Rapin
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L’atmosfera non e’ transparente alle
particelle cariche o ai raggi X e gamma: le
interazioni degradano I’informazione della

particella iniziale.

Il suo spessore in termini di massa
(1kg/cm? ) e’ equivalente ad uno schermo di
4 m di cemento.

Palloni aerostatici a 35 km (5 g/cm?)
ma il tempo di esposizione ¢’ limitato a
~20 giorni.

I rivelatori su satellite hanno un tempo di
esposizione piu’ lungo dell’ordine di qualche

anno (3—15).
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Qual e’ la composizione dei Raggi Cosmici primari?

Cosmic Ray Fluxes (111'2 &8 GeV'l)

10?

102
10
1

0

10

10

10

10

Rate (acc=0.25 m°) Hz GeV''
lllll],d llII_I,LIJ IllIII_I,I IIIII_I_IJ lIlII,I_Ij,I IIllILI_I IIIII,I,IJ Illll,l_ll lllllluLL

10

10

10

4
10

10 Ll A BT 1 i R | RO A 5 . B T | LS LS 5 3

1 10 10° 10°
Kinetic Energy (GeV/nucleon)
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* p: componente dominante
* He: 5% del flusso p @ 10GeV
D, Li,Be,B e C

* Anti-protoni: ~ 10 del flusso p

Protoni: un modo per misurare I’attivita’
solare

Isotopi: informazioni sulla
propagazione dei Raggi Cosmici
nella Galassia.

10Be/°Be ratio (1'Be, 1:=1.6x10°yrs):
* Tempo di confinamento dei Raggi
Cosmici nella Galassia.

e Densita’ media del materiale
interstellare attraversato.
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AMS-02: un esperimento “multipurpose” di fisica delle particelle

1. Componente Neutra :

TsV

Hubble, Chandra, FERMI,
JDEM, INTEGRAL

Discoveries:

(1) Pulsar,

(2) Microwave,

(3) Binary Pulsars,

(4) X Ray sources,
solar neutrinos

~ WHIPPLE,

HESS, ...
Le principali ricerche di AMS-02 sono: ,'K SUPER K \'
| |
* Antimateria; | |
« Studi di precisione dei Raggi Cosmici; \ Al /
 Materia Oscura; \ //
* Raggi v di alta energia (diffuse, sources); o

* Nuova fisica?......strangelets???
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Lancio: 16 Maggio 2044, 08:56 A
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Come opera AMS-02 in volo e a terra

s . TDRS Satellites
Astronauta usa il “laptop” di klIl and Data Relay

- -
——

......

-,-‘.’ N ‘;v / ' v ‘".?.‘?.\! O 2
N \;.ﬂ\ 99 Ku-Band
qm ., ’, High Rate (down):
e\ Events <10Mbit/s>

S-Band
Low Rate (up & down):
Commanding: 1 Kbit/s

Monitoring: 30 Kbit/s

Flight Operations

Ground Operations

AU

‘ n\
L\')- M y ‘

—— AMS Pyload peratio Control and Science AMS Computers Whlte Sands Ground
3 Operation Centers (POCC,SOC) at CERN MSCF, Alabama = terminal, NewMexico ¥
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Parametri orbitali del DAQ di AMS-02

Acqmsmon rate [Hz]

||I|‘I“II1IIIIi[III1II]I

50 -100 50 0 50 100 150
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Time at location [s]

104

-
o
w

2

o e, .
u - L : |
I-h = - L . ; !

. - = - -- » - \
-Illl | IIIIIII| I IIIIIII | -
-— -—

o

el bbbt b bbbt bala

450 100 50 0 50 100 150

“Particles rate” varia da
200 to 2000 Hz per orbita

In media:
DAQ efficiency 85%
DAQ rate ~700Hz

23


mailto:tSonia.Natale@cern.ch

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016

AMS-02: uno spettrometro di precisione per energie GeV/TeV

Le particelle ed i nuclei sono
definiti dalla loro carica (7) e
dall’energia (E~P)

1d

—

entify e*, e , /1.

A0 N N

Identify = Z

id-apll | 7., P sono misurati
' ECAL / independentemente dal Tracker,
RICH, TOF e ECAL

Measure E of ', e, v
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Potenziale di fisica di AMS-02

Ricerca dell’antimateria primordiale:
e anti-nuclei: He, ... ;

Ricerca della Materia Oscura:
ecHhetp,vV,....
e osservazione simultanea di1 diversi canali di segnale ;

Ricerca di nuove forme di materia :

e strangelets, ... ;

Misura degli spettri dei CR - “fine tuning” del modello di propagazione:
. D, He, L1, Be, B,
...Fe;

Studi di sorgenti locali (astrofisica dei raggi vy):
e SuperNovae Remnants, Pulsars, Primordial Black Holes, .......

Studio degli effetti della modulazione solare sugli spettr1 de1 CR lungo tutto
il ciclo solare (11 anni) ;

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016
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Sensitivita’ della ricerca dell’Antimateria: He/He > 10°

Tracker Entry
o>~ K~""K~~""°A
; \ ><°
.\,-- R
s -
- = S 4 ™
S S Inner Tracker Entry v 8
BTt - — — — — - — — T - — - - - ———————— - o
L
I . <
) Inner Tracker Exit o
TN e B, SR | L o o o e o e o o e e = — — Y L)
T o
e
Tracker Exit y

a) Minimo materiale nel rivelatore:

quindi il rivelatore NON diventa una sorgente di *“ large angle scattering”;
b) Misure ripetute dell’impulso:

per assicurare che le particelle con “large angle scattering” non siano confuse con il segnale
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Sensitivita’ della ricerca dell’origine della materia Oscura: p/e">109

p
= Tracker Entry
S ———
TRD: . rejection >102
-3
™
™
S I
0
-
<| @
X
o
N et a . AN o _____ A 4 n| ©Q
o| L
62 =
___________________________________ A 4

Tracker Exit

: %+ rejection >104

a) Minimo materiale nel TRD e nel TOF:
quindi il rivelatore NON diventa una sorgente di e ;

b) Il magnete separa il TRD e ECAL cosi’ gli ¢” prodotti nel TRD sono deviati e non
entrano nel’ECAL:
in tal modo il “rejection power” del TRD e dell’ ECAL sono independenti;

¢) “Matching” dell’impulso dai 9 piani del Tracker con le misure di energia dell’ ECAL.
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La precisa identificazione delle particelle si ha combinando le risposte
dei diversi sotto rivelatori (ridondanza ...utile anche per eventi rari)

Strangelets

_ | =TT
>TeV| € | P | He,lLiBe,.Fe €| P D| He, C
| |
TRD £ | . ! ' .
i ¥
TOF i ; - ' ' 7 »
v v v -
Tracker / \ \ i \ / J
ECAL /% Y
hvsi . i
:xgr?l:ﬁ i i Dark matter Antimatter
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Ulteriori dettagli sui

rivelatori di
AMS-02

saranno/sono stati
forniti durante la

visita
(vedi appendice)
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Performance del rivelatore AMS-02 sulla ISS

L’esperimento AMS-02 sta operando senza particolari problemi.
In oltre 50 mesi di attivita’ ha raccolto piu’ di 70 miliardi di particelle.

Ogni anno , si raccolgono circa 16x10° eventi
che in 10-20 anni saranno 160-320x10°,

Questa capacita® AMS-02 fornisce una sensitivita’
senza precedenti per la ricerca di nuova fisica.
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Risultati dell’esperimento AMS-02
e “physics expectations”
dal maggio 2011 a settembre 2014

(Vedi appendice 13)
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Risultati dell’esperimento AMS-02
e “physics expectations”
aggiornati a Settembre 2016
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Rispetto al 2014: - intervallo energetico e’ esteso a 700 GeV

POSitroni ed elettro ni - statistica e’ aumentata da | | a 20 milioni di e*

i ® AMS-02
Positron fraction analysis: dopo 5 anni di presa dati & 85 - 10? raggi i O PAMELA
- A Fermi
; ] 0.2 o AMS-01
‘0‘? ..- '.... TRD 2' - | ¢ HEAT
P . . 3 | ‘ A TS93
o . - :] {1 CAPRICE94
1(7’. - ‘ o * + I
: I e
= Protons rejection: 103 ;| = 01 j oy "¢
" — - ~ - | PRL 113, 121101 (2014)
Momentum (GeV/c) LL I
"I Tracker . , 1 l , . 1
| ISS Data e 53 g 0
10° Z 8% Tracker ot —
‘ MC CINS 56 = B
10 s i - =
Lo S 78 8 I e 2016 Data
10. i’o”‘"." <0>=10 um "‘M.,.', N ‘I N (o 0.2 '__
e e [] 1A - ‘
|0§(b) o IS LA slie + Ec I ] l 4 : \ RICH | # + + + + I
0k ‘s L \ - eoet
E° 5 01 J»*
10k [ =
=1 /
- Protons rejection: 104 E} ECAL d
of I —— oL e* energy [GeV]
MR milioni di eventi e~ selezionati . . . . . .
' " Momentum (Gevic) nell’intervallo energetico 0.5-700 GeV 100 200 200 400 S00 600 700
Misura della Carica: ridondanza TRD Estimator: - chiara separazione tra positroni e protoni
Charge Resolution
for Z=6 (c.u.)
---------- Tracker Plane 1 0.30
A o 023 Energy range 206-260 GeV
R - Upper TOF 0.16

i Tracker Planes 2-8  0.12

[ 2]

b

o
0.16 S
0.32 w
0.30

c2/d.£.=227/200 <®
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Multiple Measurements of Charge

Entries
3,
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Tracker Plane 1

Upper TOF

Tracker Planes 2-8

Charge Resolution
for Z=6 (c.u.)

0.30
033
0.16

0.12

0.16
032

0.30
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Ciclo solare: inversione del campo magnetico solare

011 AMS ISS Data: Jun 2011 — May 2016 ] AMS ISS Data: Jun 2011 - May 2016
‘o L | Q. 0.0018[ ,
-~ - 2.0-2.3 GV . sswc. 8/2015 ~ - :
S - . © 0.0016- t :
0.10— 0016—
- polarity reversal of : change rate o ee L0 %) .: e 2.0-23 GV |
N th | tic ! o ? = lo
N g eBnere 1.7%/month 14 0.001a—*t7 | * 4 4. VST !
field I o e B B Y1)
0.09? I = ° ¢ )| : o Y B . . 2 esi ol
- . 0.0012— o } AR Wi
- I N polarity reversal of |
0.08 — ;hza;ie rateh : PO o the solar magnetic :
N .2%/mont : X n field .
n - . 3.6-4.0 GV
007_— AR X X i ° ..: .. e ) ° ® ®e
e B + 68% CL 00008+ KRR I IR FTA L ST AL AL
B ° o | - " ° . L S
C : u )
N T 11/2013 0.0006/ =ty Pt iatt il el L8, 965GV 48
0.06 — 1 1 / N AR G s e o'; A B ".'o.. etet? v
- 1 1 ‘ 1 1 1 | L1 | 1 i 1 1 1 o | —
| IR N S SN S T ST SRR SR T , .
Jul-11 Jan-12 Jul-12 Dec-12 Jul-13 Dec-13 Jul-14 Dec-14 Jul-15 Jan-16 Jul-11 Jan-12 Jul-12 Dec-12 Jul-13 Dec-13 Jul-14 Dec-14 Jul-15 Jan-16

> . ) . » The e*/p ratio does not show large variations as a function of time.
After the reversal of the solar magnetic field in 03/2013 it takes » The full power of the AMS high precision data sets can only be explored

(8 + 1.5) month till this has a visible effect on the e*/e ratio. after time dependent effects are extracted and the data can be used to
> It takes (21 + 1) month to stabilize the e*/e ratio again. constrain the local interstellar spectra.

AMS ed il monitoraggio continuo intorno alla Terra
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Positron Fraction

[ C.E™ +CE" exp(-EE,)]

Additional source of positrons

0.3
i e AMS
- = Minimal Model
0.2} @, =CqEVe* + CEVse /s
= (De_ - Ce' EVve + CsE -¥s @~E/Es
i E,=530'3GeV x?/n.d.f.=39/59
0.1+, ,
B Maximum at
- E=265 + 22 GeV
0_ | N g N gl N Ly
1 10 102 10°
e* energy [GeV]

The Positron Flux has no sharp structures
and is dominated at high energies by the source term.

g SRS
® ' /NDF= 57/64

20— Positron

Source Term

-
o

[IIIIIIIIIIIII

E2 D, [m2sr!s?GeV?]
&

wm

Diffuse Term

11 1 1 117 1 S S 1

1 10 100 E [GeV] 1000

with E; =530 GeV fromthe e’ /(e” +¢") fit
andE=E+Y¥ as the energy scale of the LIS
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Positroni ed elettroni:
lo spettro (1)

The source term parameters are constrained from the positron flux fit.

20 /NDF= 60/64

Electron _

Source Term

EB @, [m2sr!s?GeV?]

Diffuse Term

1 10 100 g[Gev] 1000

The Electron Flux
» has no sharp structures and is dominated by the diffuse term.
» is consistent with a charge symmetric source term.

The spectral index of the diffuse term has to become energy dependent:
2

E
®_(B)=7
The source term parameters are constrained from the positron flux fit.

[C_E"®+CE" exp(-E /) |
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Positroni ed elettroni: lo spettro (3)

B AMS measurements of the Electron and Positron spectra
— [ PRL113, 121102 (2014) 1 _.
» 250 257 » 300 I I — 30
— B Electrons ] - — 7]
NU) » # + Ho 1 & L % -
= 200 ’Q + ¢ 207 WE g 250-° 16,500,000 —25
Y " » ﬁHH 1o S . E Electrons -
S 150 / f 151 3 = 8 ook & :
o 190 S, 1 8 &200F 2 # { 120
o ¢ U 1= @ - > N " .
c')e' 100 * o Positrons } §107 &5 - S ++ +++++ t | N
L " . 19, & 190 x } —15
50:_ o:.' . o - ¢ ﬂ”” + .
- e ] W 100 - T ¢ ¥ 1,080,000 ¢ 10
o — ¢ ,0’ Positrons + B -
O_'..‘..l i & & s aasal i 3 o 2 sao.l & & 5 o adud u O’o 7]
> Elect d 1 itrons h d'1ff0 t origi 102E G \1/]03 50 s:. 2016 Data < 5 years —5
ectrons and positrons have a different origin. nergy [Ge - . 17.600.000 e . .
» A ,Standard Model“ to describe all our data does not exist. 0: . .l' ! 1 ! le energy [Gelv] . 0
la ® L TR AT EET N TN
» Therefore we have to use simple phenomenological models. 1 1 0 1 02 1 03
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Positron Spectrum
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.’.-" 25_'"'| ! L | ! L LI | ]
(/)] - -
- - AMS: 2.5 years PRL 113, 121102 (2014) ]
- - : = .
< 20 Positrons ”f' N\
E L
« _F 2014 )
o 15[
S -
e_._ 10__ 68% CL
™ - source term
t -
St
E diffuse term
wad L 1o el 1 1 a3 aaaal 1 P
85 1 234 10 20 100200 1000
E/ GeV

» The AMS measurements are dominated by statistical errors for E>50 GeV.
» The energy range is limited up to 500 GeV.
> The significance of the energy cutoff in the source term is at the level of 2o.

25 bR LR | L | vy v T
AMS: 5 years +
20 Positrons
2016

+
-
o

llll]llll]llll]llllllllll

source term

E 0 /(GeVPm2sris)
o

lllllllllllllllllllll

/ 68% CL \\.\.
5 \
/ diffuse term \\
1ol T aa gl L L1l L L1 aaa
851 234 10 20 100200 1000

» Compared to the published analysis the number of positrons E/GeV
has been increased from 0.58 Million to 1.08 Million.

» The energy range has been extended up to 700 GeV.

» The significance of the energy cutoff of the source term has increased to 3c.

Positroni: dati e previsioni

30
- MCAMS: 13 years
é; 25 Positrons
® L 2024
...c_’ 20 |-
w [
h. : |
o 15F Wl
E: L e u..-w""""’v.
?Lu 10
+ X - '
0 —
il — DM 1 TeV
. . Epergy [GeV]
0 CEEE 1 L3 3 1111 1 L1 31 13113 1 L3 31 1113
1 10 10° 10°

» The significance of the energy cutoff of the
source term will have increased by 2024 to >50.
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Positroni, elettroni e protoni: segnale e fondo

| AMS ISS Data: Jun 2011 — May 2016 | AMS Electron Flux: Jun 2011 — May 2016
J'-; Protons ittt
w 10% ——
7)) E
h- |
£
S &
) - Wl K-
S, <
'e' 8an2i —Z
O’m ' ,l: Wl E
=
| L L cl
1 2 3 4 567890 20 30 40

> For each energy bin, one pointpermonth, ENErgy [GeV]

the color code indicates the time order
» Proton-, Electron- and Positron-Flux show a charactersitic
time dependens for energies below ~20 GeV.
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It was expected that the proton flux could be described
with a single power law with spectral index y=-2.7.

—_— x10°
~ L o ’ ’ o R -
S 14 - AMS-02 E
9 13 E— *“HHHHHHH —— Fit to Model x2 /NDF=25/26 —E
[ - H ]
§ 12 é+ = [ ° o
: ; Protoni ed elio: flusso
0 11 —
o u 3
E 10 C v =-2.84900%(fit)') P (sys) 3
N - .
‘}E g [ Av=0.33 (0] sy . E
[ \\\0 -]
5 gL Ry=3365E0 %y [GV] S 3
w - -3
| 1 1 M S AT | 1 1 PSS R | .
10 102 10° The AMS jproton/helium|flux ratio
This measurement is dominated by systematic errors, Rigidity [GV] 8 r—r—rrrr . r—r—r—rrrr . —rrr

we will therefore not be able to improve it.

It was expected that the He flux could be described

Protons and helium are both “primary” cosmic rays.

with a single power law with spectral index y=-2.7. 7
)<"|'03 . —r—r—rrrry i ——rrrrry . ' 6 5 Their rigidity ratio has traditionally been assumed to be flat.
3.4F ¢ = ]
R aof —_— 0= C( L )7 1+ <£>ws = 6 Theoretical prediction
(>D 3.2 T \45GV Ry E o P
-~ 3K .
'3 : x2/d.f. =25/27 R %_ 9.9
$ 20F +++”””””W 4.5
E 24F - '
C \."\.. &b = . . = '
IS: 2.2 ;—4* y=-2.78040.005(fit) %= 0.001(sys) "~~..1,f.c,9, = 4 AMS : this ratio is not flat.
X 2F Ay=0.1 19f°"°‘3(ﬁt)+°'°33(sys) ~—: 3.5
X o _ +3500]0 +33 oo - ngldlty (R) [GV]
2 1-8 _I__ RO - 245_31 (fit) 30 (Sys) GV _'I_ 3 ' i ' i - ll ' i ' i ' i A B L ll b P P 2 B B ll
e, Rodwiev S 10 10° 10°
10 10? 10°
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Carbonio e Litio: flusso

AMS Carbon flux
lll"l . L lliiill L} L iiii"' L] L} i'i‘l'l Ll
. AMS-02
ATIC02(2003/01) a

Balloon(1971/09+1972/10)
Balloon(1972/10)
Balloon(1974/07+1974/08+1976/09)
Balloon(1976/09)
Balloon(1976/10)
Balloon(1991/09)
CREAM-11(2005/12-2006/01)
CRN-Spacelab2(1985/07-1985/08)
HEAO3-C2(1979/10-1980/06)
PAMELA(2006/07-2008/03)
TRACERO06(2006/07)

8.3 million carbon nuclei

e 3 A BTN .
19:%.0 o L D
.....o,n 499999750 4

7

" Kinetic Energy (E) [GeV/n]

AMS Lithium flux

Up to now it was assumed that cosmic lithium is purely secondary in origin.

The AMS data show that either cosmic lithium has also a primary origin or the diffusion

coefficient that describes the propagation of cosmic rays is rigidity dependent.

Flux x R*" [GV'" m?2sr's ]

T 1 na

L]

Ll LA A | Ll

Ll e eeeey

L

L L A | L

| .

1

M0V .~ -
F R, =300 GV 1
-. R ~.~
r 0 \\% .

Orth (1978)
1 Juliusson (1974)
: 2 2 2 2222l 2 2 2 2 2222l 2 2 2 2 2222l 2 :
10 10? 10°

1

10 102 10°

Rigidity [GV]
The AMS lithium flux fitted with a double power law ®=C-(R/45GV)¥-(1+(R/R,)v/s))s
(solid line, shaded region 1-sigma limits).
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Flux Ratios: Boron/Carbon and cosmic ray propagation

[0
s
Y
o
=2
2]
= S
e
o

Galactic Disk

The boron-to-carbon ratio (B/C) is important in the determination of cosmic ray propagation.
Boron is assumed to be produced from the collision of primary cosmic rays, such as carbon (C),
with the interstellar medium (ISM), hence the B/C ratio provides information on cosmic ray
propagation.

The AMS|boron-to-carbon |(B/C) flux ratio
0-4 yvrey T LA R L | T LA B AL R | T T rrrrrrng L
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Boro/Carbonio: dati e previsioni
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(Dettagli sui modelli teorici in appendice 6)
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1. TRD (transition radiation)

Antiproton to separate e* from p*
analysis TN s s m o]
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TRD estimator

2. Tracker measures momentum
and separates + from —
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Protoni ed antiprotoni

AMS results on the p/p flux ratio

T l"l11|’ R

p/p ratio

T l T T T T I ] T T T I T T T T

.

PRL 117, 091103 (2016)
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Flux Ratios p/e- and p/e- are|not
energy independent in the interval 60—450 GV

10" =— syt ¢ I PRL 117, 091103 (2016) ;

— XX ' -
=) - PIhe - )
B f oI 410° &

() -2|8 5 - ©
|§10 AL I ’ D" E g
= o glo 1, =¥
, —10
10 IRigidityl [GV] -

00200 300 400 500 600 700

As expected: significant energy losses
of e~ due to synchrotron radiation

Flux Ratios p/e* and p/e* are also
energy independent in the interval 60—-450 GV

— 310°
o 2 (I)p/(be+ E =)
=107 s ais : i } - ©
+E T3 T T i } =
<4 /0" 32
61072 E
PRL 117, 091103 (2016) IRigidityl [GV] -
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Dipendenza energetica
dei flussi

Unexpected Result
Flux Ratio of Elementary Particles p/p

is energy independent above 60 GeV

. PRL 117, 091103 (2016)
$ ) ,
P 3.49.10°
* AMS-02 2.42.10°
> PAMELA
IRigidityl [GV]
PEREE T TR R N S TN TN TN NN SN TN SUNN SR NN NN SUN TN TN N SR SR S
100 200 30 400 500
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Summary
AMS results on the fluxes of elementary particles

- 25 PRL 117, 091103 (2016)
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Alcune pubblicazioni: protoni ed elio (2015)

week ending

PRL 114. 171103 (2015) PHYSICAL REVIEW LETTERS I MAY 2015

S
Precision Measurement of the Proton Flux in Primary Cosmic Rays from Rigidity 1 GV
to 1.8 TV with the Alpha Magnetic Spectrometer on the International Space Station

x10°

for details see talk by Nicola Tomassetti on Monday
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AMS: 300 million events
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PRL 115, 211101 (2015)

week ending

PHYSICAL REVIEW LETTERS 20 NOVEMBER 2015

F

Precision Measurement of the Helium Flux in Primary Cosmic Rays of Rigidities 1.9 GV
to 3 TV with the Alpha Magnetic Spectrometer on the International Space Station
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50 million helium nuclei
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~ Using the TRD we will tlaxtend this measurement up to ~5 TeV in 2024.
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I’Universo e’ il vero laboratorio !

I raggi cosmici sono accelerati ad energie enormemente
maggiori di quelle raggi ]{Oda un qualsiasi dispositivo

L’obiettivo principale di AMS e’ di investigare I’ignoto,
ricercare fenomeni naturali che non abbiamo ancora immaginato o per i quali non abbiamo
ancora sviluppato i mezzi per riprodurli e capirli.
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Questa, percio’, non e’ la fine della storia!
Siame solo all’inizio dei

)
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Appendice 1

(I rivelatori di AMS-02)

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016

49


mailto:tSonia.Natale@cern.ch

[ J
Generalita': Llnk lltlll.
http://math.ucr.edu/home/baez/physics/
http:/home.web.cern.ch/topics
https://cds.cern.ch/collection/Videos (cercare poi I'argomento specifico in "search")
http:/www.windows2universe.org/

http:/www.cernland.net/

Astroparticelle:
http://www.astroparticelle.it/
http://www.aspera-eu.org/

Raggi Cosmici:

http://scienzagiovane.unibo.it/100RC.html
http:/scienzagiovane.unibo.it/100RC/2/AlbumFoto-lIF.html
http://scienzagiovane.unibo.it/100RC/3/AlbumFoto-IlIIF.html
http:/www.palazzosomeda.it/Osservatorio/Raggicosmicieattivitsolare.htm

Materia Oscura:
http://www.ge.infn.it/~pesce/research/dm_tesina.pdf
http:/ned.ipac.caltech.edu/level5/Bosma2/frames.html

Antimateria:

http:/www.nationalgeographic.it/scienza/spazio/2012/02/16/news/nell antimateria il segreto dell energia oscura -855266/
http://planet.racine.ra.it/testi/mat_osc.htm
http:/scienzapertutti.Inf.infn.it/index.php?option=com_content&view=article&id=7:materia-e-antimateria&catid=5&ltemid=79
http:/home.web.cern.ch/topics/antimatter/matter-antimatter-asymmetry-problem

AMS e NASA:

http://www.ams02.org/ (in “Multimedia” ci sono filmati interessanti)
http://ams.nasa.gov/

http:/www.ustream.tv/NASAHDTV  (in "Videos" sono disponibili diversi filmati)

Lavori didattici:

http://try.iprase.tn.it/old/in05net/upload/doc/libri/U1011t3n729_Raggi_cosmici.pdf
http://www.liceogioberti.it/didattica/prog_EEE_articoloCeresole.pdf
http:/eee.centrofermi.it/component/k2/item/download/1_80cbadb159b503626a30e04b169f2372
http:/appunti.studentville.it/appunti/tesine-6/tesina_antimateria_realta_o_fantasia-3391.htm (scaricare il file)
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http://math.ucr.edu/home/baez/physics/
http://home.web.cern.ch/topics
https://cds.cern.ch/collection/Videos
http://www.windows2universe.org/
http://www.cernland.net/
http://www.astroparticelle.it/
http://www.aspera-eu.org/
http://scienzagiovane.unibo.it/100RC.html
http://scienzagiovane.unibo.it/100RC/2/AlbumFoto-IIF.html
http://scienzagiovane.unibo.it/100RC/3/AlbumFoto-IIIF.html
http://www.palazzosomeda.it/Osservatorio/Raggicosmicieattivitsolare.htm
http://www.ge.infn.it/~pesce/research/dm_tesina.pdf
http://ned.ipac.caltech.edu/level5/Bosma2/frames.html
http://www.nationalgeographic.it/scienza/spazio/2012/02/16/news/nell_antimateria_il_segreto_dell_energia_oscura_-855266/
http://planet.racine.ra.it/testi/mat_osc.htm
http://scienzapertutti.lnf.infn.it/index.php?option=com_content&view=article&id=7:materia-e-antimateria&catid=5&Itemid=79
http://home.web.cern.ch/topics/antimatter/matter-antimatter-asymmetry-problem
http://www.ams02.org/
http://ams.nasa.gov/
http://www.ustream.tv/NASAHDTV
http://try.iprase.tn.it/old/in05net/upload/doc/libri/U1011t3n729_Raggi_cosmici.pdf
http://www.liceogioberti.it/didattica/prog_EEE_articoloCeresole.pdf
http://eee.centrofermi.it/component/k2/item/download/1_80cbadb159b503626a30e04b169f2372
http://appunti.studentville.it/appunti/tesine-6/tesina_antimateria_realta_o_fantasia-3391.htm

328 modules of fleece and straw tubes;
Gas mixture: 80% Xe —20% CO»;

Leakrate of 5 ng/s, caused by CO: diffusion,
corresponds to a lifetime ~20 years in Space

Fleece—Radiator

LRP 375 BK (ATLAS)

1/N dn/dx

Rejection
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Proton rejection at 90% e* efficlgncy
(=

Transition Radiation Detector (TRD)

identifies e+ by transition radiation

and Nuclei by dE/dX
AMS TRD Data on ISS, ene'rgy—i
- range 3-v~100~-GeV—:

IIII|IIII|IIIIIIIIIIIIIIIIII
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Time of Flight (TOF)

Measures Velocity and Charge of particles

-";"".n’ '”‘
P W', «

2x2 planes + total of 34 scintillator paddles
(seen by 2 (or 3) PMTs on each side);

Measures the time of relativistic
protons to 160 picoseconds

Provides trigger for charged particles SR o e R -" A

1 1

Trigger time is synchronized
to UTC time to 1us
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Time Of Flight (TOF): Measures Velocity and Charge of particles

2 800 .31200_—
Test Beam 2010 & At/t=160 ps § | s [ ]SS Data |
3000 - - w 700 w -
s 1000— O'B=1.2%
2500 - - 600 - _
v _1 5005 800— Z_6 GTime=48ps
2000 - £ - - B
1500 - E - 00E- 600}~
= 3005— B
1000 |- - - a00]-
200— L
500 7 oE 200
0 | 1 | E B
RSP S Y T 1Y B T TR TR TR R Y T Y T Y ¥ TR T TR
(T1-T3)-(T2-T4) (ns) S " Velocity[Rigidity>20GV] S T " Velocity[Rigidity>20GV]
c 8
c @10 IE? He ISS Data
i!é E Z=26 One-Typical-Counter Charge Resolution é 107 :E
c - > — —
: g F 7=\ mpl
u>J 10? = 106 a
N 10°
I ISS Data .
10 10
N 10°
1 102
10
Z=26.01% 0.38 =
'1 ] 1 1 L I 1 1 1 1 | L L L 1 | 1 1 1 1
10722 25 26 27 28 To 5 10 15 20 25 30
TOF Charge TOF Charge
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Tracker

1!

Test Beam G ~8.5um

2
10

10

um

9 layers of double sided silicon sensors (detector material ~ 0.04 X,)
6.6m> — 192 Ladders — 196k channels — 192 Watts dissipated

Spatial resolution: . Wide temperature range
- (0) ~8um (bending plane) (-20/+40 survival, -10/+25 oper.)
- (6) ~30pm (non bending plane)

High dynamic range front end for
Momentum resolution ~10% at 10 GV st ¢y 5

charge measurement
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Tracker

Nuclei identification

MAGNET

[

The particle trajectory is measured on
several points (9) by its intersection with
silicon microstrips detector layers.
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The alignment stability (3pm) of the TraCker Perf() rmance
uppermost Tracker plane (L1) on ISS

.

5. Over 150 days.
€ F
0 A v AN I, AR A SN Yoy SNy
< |
%00 220 240 260 280 300 320 340
Day (2011)  griries 352
FAlignment stability(3um) Eonsant .07 5208
“ammne s e S s Mean 0682+ 0.185
- _Sigma 3.217 + 0.155
zZF | | i
- /
0F 13,4 $
- H i J
00 %0 0 -0 2 20 a0 ) 80 " 1c]|o /
A m
Alignment (um) LS,G 7
|
|
L7,8 ¢
- . ?
30— Stability 0f the temperature of Tracker planes 5 J
O 20 - . X - i I - - |
g [
| -
8
Q.
5 0 { DAQ
10F - LR TTITTTTITT - I
= L9 —— :,
20C 1 y ? ' - —
20/08/2011 03/10/2011 16/11/2011 30/12/2011 13/02/2012 E’
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Magnetic field distribution at a cross-section of
the centre of the magnet
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The AMS-02

permanent Magnet

Torques are forbitten in space

so the total magnetic torque of the

AMS-02 magnet must be zero!

The detailed 3D field map (120k

locations)

Field 2010

= Mo
300

200
——""100

57


mailto:tSonia.Natale@cern.ch

The AMS-02 Spectrometer — P
modifications !

Deviation from 1997 measurements TRD

N

Deviation (%)
o (=]
T % =
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§ 9
: : flr}; / ;/': P :: H .;
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|| | | || ] | ] ] ||
]
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e oldL8| .V

s (en, 20 \ 300

~ 200
10 0 oni Angle (deg)

— : _ In 12 years the field
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C Aachen, < | w  the same to <1%
1200 — 03/2010 F - — S e

- ™ Zurich, "
I 1997 " .............................. S S
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The AMS-02 Spectrometer performance

120

100

Rigidity Resolution (%)

60

20

- —— AMS SC Magnet (MDR, 2.18 TV)
- —— AMS PM Magnet (MDR,, 2.14 TV)

| @ Test Beam Aug 2010 PM Magnet
| W TestBeam Feb 2010 SC Magne

80 -

40

configuration, the rigidity resolution of AMS
with the permanent magnet is equal
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I | 4PM YS [SIC Magne

L | | 1 I L Moo S SN TR

500 1000 1500 2000 2500

Proton Rigidity (GV)

With 9 tracker planes in the new

(within 10%) to that of the
superconducting magnet.

« For helium nuclei, the MDR(*) for
the permanent magnet is 3.75 TV.

-« Alignment will be done with 10’000
CR tracks per minute in orbit.

(*) Max detectable rigidity (R=pc/Ze)

Rigidity resolution

Entries [TV]
=

10}

i — MDR= 2.2 TV AMS with:
1k | ' Superconducting Magnet

Permanent Magnet

:l Il | ! l | | l Il L | l | | | l
10 5 0 5 10

1/Rigidity [TV"']
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The AMS-02 Tracker Alignment System Layout

Front-End
Electronics

® 20 laser beams top-to-bottom

Laser Diodes
(A=1082 nm)

LFCR #n

or Fibre Coupl

\
yed-
N

LEIB'Ss monomode fibres Optical Fibers

FC connecti 4n

1

laser diode

LFCR #n+1

(Laser control box)

LDDR #m

Laser Diode DriveR:

500 [ram]

support
structure

laser diode

500

LDDR #m+1

rep. rate < 2000Hz,
amplitude < 200 mA,

250
idth < 5000 ns

c) AMS-02 Si-sensor

for particles and alignment rays
3

/ -25(
. - .'.,. . - '. o '
MM spacing (LB) S M
T 7771"'"-"'-1':--- R p = N s £ co
———— ¥, - e
e ”,‘:\_:* T ] B W B g e - -—
./ high transparency | <&~

t_ arga‘(ARcoated)

Sy P e ——_—

- TP T g

Beam Port Boxes

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016 60


mailto:tSonia.Natale@cern.ch

Ring Imaging Cherenkov (RICH)

identify nuclei and their energy

Reflector

Radiator N A;"gey

detectors

Intensity o ZZ/
O xv

3cm silica Aerogel(n=1.05) +NaF (n=1.33) radiator:

RICH test beam

104 F
- E=158 GeV/n

103 F Bfin®
u B e Ne Mg Si

] F ANaiAls P o
[ CIAT Ca
102 K Ti
v

10

IIIIIIIIIIIIIIIIIIIII LA 101
5 10 15Z 20 25 30
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Y/

&.

10 880 photosensors
21,760 Signal Pulses

Single Event Displays from
RICH test beam E=158GeV/n

Li Ca
o(PB)/p=0.1% @ P=1 (protons)

AZ ~0.2 up to Fe

6l
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Data from ISS: Nuclei identification from RICH
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A precision, 17 X, , TeV,

C alO rimeter (E C AL) 3-dimensional measurement of the

directions and energies of light rays
and electrons

1000000000000 00000000000000001¢
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S S = CR0000000000000000000000000%
1O000000000000000000000000000¢

10 000 fibers, = 1 mm distributed uniformly
inside 1,200 1b of lead
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AMS electronics

650 processors,
300,000 channels.
up to 400% redundancy

Reduce data volume
7 Gbit/s to 10 Mbit/s

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016

To read out 300,000 channels at up to 2
KHz, a large set of computers (650) which
are programmable from the POCC have
been developed.

All the different detectors are readout with
up to 400% redundancy.

Hundreds of these computers are
interconnected in a tree like structure with
an 100 MBit/s serial link.
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AMS electronics

Data Acquisition —
‘ ISS Avionics 1,| AMS Laptop
I Trigger t f
.8 { 2 LROL |2 2|HRDL 2] Power
‘ TOF |"" Tracker Readout | .\ AMSWire links
v
@ | 4
s 192 s &
g.‘ Tracker |<->‘ TOF Readout i
DAQ
8 24 a Computer a Main Data Power to AMS
5 TRD TRD Readout () elements
2 . S PDS
(@)
3 ’a Computer
8‘ RICH |""| RICH Readout
- 4
=
a 28
‘ ECAL ‘4" ECAL Readout
Tracker Laser TTCS TRD Gas JMDC GPS
Alignment Power Star Tracker
High . .
voltage Slow Control & Monitoring
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Thermal Control is the most challenging task in the operation of AMS

Thermal variab‘ies:

* Solar Array positions _’

L]

[T
u

LTI
ll"l"ll"l"'l‘ i
LTI

TTITIT]
LT

The thermal environment on ISS is constantly

changing due to:

* Solar Beta Angle (PB)
¢ Position of the ISS Radiators and Solar Arrays

o ISS Attitude

N i
15 'llll

Solar Array \_‘;

|

9 o | -
8k STBD Main Radiator moved&g
3 m{'\NVWLf\; from -8° to +25° N :

3 Sep, 2011

N
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4 -Pressure Sensors, 32 Heaters
142 Temperature Sensors 80 Temperature Sensors

[TTTTTTTTTTTT H\I‘I\I\ HH|\|\I [TTT
—-—
(=)
£
)
<

‘ ‘ / \/ m—— Starboard
0°C | === Ram
k\, e Wake
V e POt

I
I
=
o
o

| | \ I | I
1.5.11 1.7.11 1.9.11 1.11.11 1.1.12

&2 a g g an Solos b 38 S

SN EAL.  Over 1,100 temperature sensors and 298 heaters are monitored
around the clock in the AMS POCC to assure components stay
within thermal limits and avoid permanent damage.

96 Temperature Sensors
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Appendice 2

(Un po’ di teoria)
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Particle Physics Timeline

For over two thousands years people have thought about fundamental particles
from which all matter 1s made.

Starting with the gradual development of atomic theory, followed by a deeper understanding
of the quantized atom, leading to the recent theory of the Standard Model.

m Earliest times - 1550 AD: The Ancients

Ancients

L--;‘l'{j -
)
{%ﬁf/ 1550 - 1900 : The Scientific Revolution and Classical Mechanics

Revolution

Ot 1900 - 1964 : Quantum Theory

[heory

Standard
Model

1964 - Present: The Modern View (the Standard Model)
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The (adhoc) Higgs Mechanism (a model without dynamics)

EW symmetry breaking is described by the condensation of a scalar field

V(v - .

+
0.02 | :
/ (D -

0.01

i 150 200 250 L300 ¢ (GeV) ) H|995 boson:
~0.01| Background excitation
. value, Higgs of the higgs

medium medium
p A
V((I)) B ?(I)T(I) T Z(I)T(I) Why is ge°negative ?

The Higgs selects a vacuum state by developing a non
zero background value.
When it does so, it gives mass to SM particles it couples to.

We do not know what makes the Higgs condensate.
We ARRANGE the Higgs potential so that the Higgs condensates but this
is just a parametrization that we are unable to explain dynamically.
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D° meson decay at LHCb

anti-strange

charm

DO strange

anti-up
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K+
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Appendice 3

(I raggi cosmici)
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Abundance of different Abundance of different
particles (= identification) nuclei (elements)

104- Ir:lr: II_.II-III T TTTIT T T TTTTT T T TTTIT T TTTT T T TTTTT T TTTITo 10'0 L | ] | Ll 1 | 1 T \ ] | I | ] ] T 1 T
1.0 F oo e, 2
- e t‘*« - i He Nuclear Composition
| He x 10 ' < | s : .
= . 10* M of Galactic Cosmic Rays
10_4‘_ —"-'Q‘-.“ 3 (~2 GeV/nuc)
- —4 ’ r.. —
— C X 10 O%OOOOOO O ° . — 107
- o —
= — O x 10_6 %%y °e % _
> 107°L c>%o°o e “e h 10°
2 - -8 %, °® % E ~a
O —_ Ne X ]0 0%. - >N o% Q ] ©
. F Soosy Tt en, 0%, 3] ©
2 012k Mgx 1070 agg, %o S 2 A 107
g - 12 oo°°°°o e, e, B g - &
E — SIXIO %‘ Q\ b~o \Q- o - g 10‘
— F 0, 2 haN e E T
=107 SX 10 amg,  Bvey iy Ve o ] o
- 0, ~ =
S 2 _16 "0 o o, ve % 3 £ 10°
I I VL N NS P 2
G 10— - .OOO O\ T .\\ e m
) B 18 %9 e b ~ | 2
~ = Cax 10 g, N S “{ f ~ 10
.L§ - %0p o'\o \\ 3 f _
[+ S ~
= - = —21 .\ ;\ B
% 10724} Fe x 10 m.ooono\o‘\o\ . (N} = 10
- O .\ \’i —
- o AMS o HEAO-3 Yol T4 £
_29F © BESS o CRN Ry, el O e 1
100" e CAPRICE ¢ CREAM 20e - E
- © JACEE e TRACER %y i
F * HESS o 107" .
3 ATIC Y = Individual Even-Z Eiement
107°°F | RUNJOB s - Elements  Elements | Groups
:-_ 1 1 IlIlIIl L1 IlIlIIl 1 1 IlIlIll 1 1 Illllll L1 lIlIIl] 1 1 lIlIllI 1 1 lIlIE 10-: . l 4 l . l A J o l L L A l . l 4 1 A
0.1 1.0 100  100.  10° 104 105 106 6 20 % N 0 W A0 0 W

Kinetic energy per particle (nucleus) [GeV] Nuclear Charge (Z)

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016


mailto:tSonia.Natale@cern.ch

Appendice 4

(L’antimateria)
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Physics of AMS: Search for Antimatter

in space

J

o
The Big Bang origin of the Universe requires ~ g e
Matter and Antimatter
to be equally abundant at the very beginning

w7t
=

#
4 ’:
L
w
—
@
i

C :
—

5

Anti-
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Physics of AMS: Search for Antimatter Universe

Experimental work on Antimatter in the Universe

Direct Search for
search Baryogenesis

New CP Proton decay
BELLE Super 13(3
BaBar (Tp>6.6*10"" years)

(sin 2p=0.672+0.023
consistent with SM)
FNAL KTeV
(Re(g’/ €) = (19.2+2.1)*10 ,)
CERN NA-48
CDF, DO

v

AMS LHC-b, ATLAS,CMS

No explanation found for the absence
of antimatter (no reason why
antimatter should not exist)

Increase in sensitivity: x 103-10°
Increase in energy to ~TeV
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Are Dark Matter and baryon abundances related ?

74% Dark Energy

4% Atoms

Baryonic asymmetry
characterized in terms of the
baryon to photon ratio

ls — ﬁB _ 6)(10_10

Ny
QDM< 5-6 Qbaryons
if Nom — Nom~ Ns — N

OQbpm

!:!baryons

IMbM

~C

IMbaryons

Does this indicate
a common dynamics?

Sakharov’s conditions for baryogenesis (1967)

1) Baryon number violation
(we need a process which can turn antimatter into matter)

2) C (charge conjugation) and CP (charge conjugation x Parity)
violation.
(we need to prefer matter over antimatter)

3) Loss of thermal equilibrium
(we need an irreversible process since in thermal equilibrium, the particle
density depends only on the mass of the particle and on temperature,
particles & antiparticles have the same mass , so no asymmetry can develop)

10 000 000 001 10 000 000 000

ANTIMATTER

MATTER "% <7
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Appendice 5

(Rapporto Boro/Carbonio)
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Carbon Fragmentation to Boron in Upper TOF
Rigidity 10.6 GV
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Appendice 6

(La materia Oscura)
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Dark Matter

The velocity of stars lying at
galaxies periphery indicate that
there is much more matter in the
galaxy than what we measure from

visible stars.

DISTRIBUTION OF DARK MATTER IN NGC 3198

200 LI 1 ) l LI B | 1 l LI L I LI I LI

We don’t know the nature of this new
kind of matter we can only detect from
its gravitational effects.

150

I lil L L

llll'lllllllllllllLllJl

NGC 3108

13 Li 3
- X

halo

llll_lll

disk

§ o
Several hypothesis exist to explain it. 5 -
One of them tells that Dark Matter i
should be composed by supersymmetric
particles not yer detected nowadays. %0
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e WIMPs
- Neutralinos
- Kaluza-Klein particles

e AXINos

e Super-WIMPs

e Axions

e Axion-like light bosons
e Sterile neutrinos

e (Q-balls

e WIMPzillas

e Elementary BHs

Dark Matter detection

Direct Detection
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O-balle

Indirect
Detection
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Ways of detecting dark matter

INDIRECT
COLLIDER

dark matter

DIRECT
*

1 Direct detection.
2 Indirect detection: searching for products of annihilation.
High energy photons
- Space telescopes: COMPTEL, Fermi-LAT, AMS
- ACTs: HESS, Veritas, Magic.
Electrons/positrons: PAMELA, ATIC, Fermi-LAT, AMS, HESS, MAGIC.
Antiprotons: PAMELA, AMS.
Neutrinos: ANTARES, IceCube.
3 Collider searches: LHC.
4 Indirect2: CMB optical depth and anisotropies, IGM temperature and 21 cm -
recombination and reionization observables, BBN.
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Dark Matter: neutralino annihilation

Lets suppose the existence of massive particles () which are their own anti-particles.
If they meet they annihilate producing other particles and anti-particles
thanks to the available energy.

As a consequence, the cosmic rays
spectrum will be modified.

These anomalies can be searched in
positrons or anti-protons spectra.

0.04 [

0.03;-.'. . + ++H

; ¢ ¢ Spectra with
] ¢
0.02} ¢

‘ Dark Matter
| RERY
001k Normal spectra

' et*/(e +e*)

100
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Physics of AMS: Search for Dark Matter

The lightest Kaluza-Klein state is an excellent dark matter candidate
if standard model particles propagate in extra dimensions
(universal extra dimensions)

10-1 b
— ~ ® AMS'02
o L
+ (18 years) 500 GeV
.b . 2
F b
0 arXiv:0811.1029v2 [hep-ph] 20 Jan 2009 - Fig.5
g L —_—————— ..;l... ..v v..‘.‘v" . .-‘ 1 B
:.3 10-2 | k Y M, | /," I

= 2

E T ,’/, :
s | o
o - ‘ |
-a I = Bakgrousd é
8 1 EGeV] 5

10-3 l ’ ”1 1 ]r1 1 1",1‘ P | 1 1 1 1 i1 1 3

10 102 103

Energy (GeV)

Expected spectrum from collisions of 500 GeV
Kaluza-Klein bosons based on Ponton and
Randall model

E.Ponton and L.Randall, preprint
arXiv:0811.1029v2 (2009)
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Un esempio di modello (1)

Theoretical models to explain the AMS positron fraction.

Among the 100’s of models there are three classes:
a) dark matter
b) new forms of propagation
c) pulsars.

b) An example of new propagation:

100 R. Cowsik, B. Burch, and T. Madziwa-Nussinov, Ap. J. 786 (2014) 124

Collision of ordinary CR
(Moskalenko, Strong)

Positron Fraction
o
>

0.01 hd o g i | i g -9 adidhdl | b 1

Energy [GeV]
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Appendice 7

(Materia *“strana’)
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Search for Strangelets

Candidate observed with AMS-01

All the known material on Earth is S June 1998 11:13:16 UTC

made out of u and d quarks

Front view Side view \
u
u-u, o)
lt u Diamond (Z/A ~ 0.5)
u
uYd uvu h
— [ob)
L ge
—+— =
Is there material in the universe 4 =
made up of u, d, & s quarks? i <E(
s s U v ] .,
u g S 3 S  ———
4 u. s Strangelet (Z/A < 0.1) ===
udd g sgL C-F-TFEE
u sU U
Rigidity = 4.31 + 0.38 GV
Charge Z. =2
. B. =P =0.462 = 0.005
This can be answered Mass = 16.45 = 0.15 GeV/c?
definitively by AMS. Z/A=0.114 +0.01
Flux (1.5 < Ex< 10 GeV) = 5x107> (m3sr sec) ™
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Search for Strangelets

Candidate observed with AMS-01

> June 1998 11:13:16 UTC E. Witten, Phys. Rev. D,272-285 (1984)
..% e AMS-01
© A
10° O ,/ % 10 ®
% /’( o
b O r‘-“! I“,V"-
107 @ e A HECRO-81 >
» J T\L"L L
J - - J]
o d i} N 10
| Y, %
J | 3
" m§ =
SN i S
0 0.2 0.4 0.6 0.8 1 EJ 10-10:_ £T event ,
®, = 5x10-%(cm?s sr) LL
10% -
AMS02 Permanent Magnet 10 Years D .
06l "y [0) Price Monopole—>
® @))
g 11
0k S 10 F
; =
10° 7))
i %)
0% 5 AMS PM 10Yrs Limit
i -12
104;‘ B 10 BEm— I .......I2 — III3
F 10 10 10
3L
0 §Z=2 Strangelets A
wp |
o0 | Background probability < 10>
-1 2 -1
1 L MDstrangelets = 5x10 O(cm SSI‘)

0 01 02 03 04 ;/.f\ 06 07 08 09 1 or ~30 1n 1st year for AMS-02
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Appendice 3

(Condizioni termiche di AMS-02: angolo beta)
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Thermal Control is the most challenging task in the operation of AMS

The thermal environment on ISS is constantly changing due to:
e Solar Beta Angle ()

e Position of the ISS Radiators and Solar Arrays
e ISS Attitude

AMS
= zenith
o Solar Beta Angle (B) .
2 beta zenith
% The angle between the ISS Orbital
’_2 Plane and the Solar Vector +1 2
Y
o
....... Earth’s Orbital P‘l‘ane......-'"'g_' << Solar Vector : SUN
| beta
beta 75
Solar Beta Angle +75

Port
B changes constantly, ~4.5°/day, from -75° to + 75°

orbit plane

Starboard

Over 1,100 temperature sensors and 298 heaters are monitored around the clock in the AMS
POCC to assure components stay within thermal limits and avoid permanent damage.
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Appendice 9

(11 tracciatore di AMS-02)

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016

93


mailto:tSonia.Natale@cern.ch

B The momentum resolution (Ap/p) is the sum of two contributions:

1. Measurement inside the magnet with an effective length L

(Q/p)-(Ap/p) o 1/BL? 1

2. Measurement of the incident (8,) and exit (6,) angles

which depend on the length L,
(Q/p).(Ap/p) o 1/BLL1 CeeoeooosssscceMsssssssssssssnes ‘:

For both magnets, L ~ 80 cm,
but in the permanent magnet B is 5 times smaller

to maintain the same Ap/p we increase L1 from ~15 cm

‘L(Superconducting Magnet) to ~125 cm (permanent magnet)
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196,608 Pulse Heights,
216 Low Voltages,

[ H es "
g .

196,608 — 158
Pulse Heights Bl AR

192 Tracker Data Reduction (TDR) 16 Readout Computers (JINF-T)

Low voItage

= AMSWire
" .: M

To next level

—
-
P
—
=
—
—

Busy
>

Trigger

- Analog to digital conversion
coordinate resolution of 10 pm
« Data reduction:
Pedestal subtraction
Noise suppression
Cluster finding
 Format, send to next level

o~N OO AW

 Collect data from TDR ()
 Format, send to next level

« Control Low Voltages

* Combine Busy signals

* Distribute Trigger
 Distribute command to TDR

(*) Tracker Data Reduction
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Appendice 10

(11 TRD: Gas System)
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Transition Radiation Detector (TRD)

Fleece—Radiator

pt e

1/N dn/dx
-
-
=
)]
e
A
Y
c
=
Q
o

N IlIlIIIlIIlIIlIlIllIllIlIIII

—
T !
=
—
=
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10*
10°

Leakrate of 5 ng/s, caused by CO: diffusion, 10°
corresponds to a lifetime ~20 years in Space 10
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Appendice 11

(AMS DAQ)
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AMS Data Acquisition System

To read out 300,000 channels at up to 2 KHz, we developed a large set of computers (650) which
are programmable from the POCC and which readout all the different detectors with up to 400%
redundancy. Hundreds of these computers are interconnected in a tree like structure with an
100 MBit/s serial link.
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AMS Payload Operation and Control Center for ISS

/4. DAQ+Trigger |

+RunControl

ﬁ*—’[ 1. Management ]
>

.

e — g

5. Data Handling r

6.Tracker+Laser |

Align.+Cooling

7.TRD+TRD Gas |

8. TOF+ACC

9. RICH

10. ECAL

11. Thermal

All Data

Science Operation Center

-==p) 2.Shift Leader ==

A

b -

365 days/year
3 shifts/day

oice Loop

Commands

3. Commander

12. NASA Liaison

All Data

<€

13. Consultants
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Appendice 12

(AMS-02 performance)
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AMS-02 collected over 20 billion events in

14 months operation on ISS

CI-1N-91
Z1-1N0-60
ZI1N(-20
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[-NN-81
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Multiple independent Measurements of the Charge (7))
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Test Beam Results at CERN 2010 (8-20 Aug)

x10° -
_ Entries 1169986 ~ Protons 400GeV/c
_ 100 - 1
30 E 9 =7000
i 10°F
201~ c=~10um :
ok 10F ||‘||
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-09015 -0.01 -0.005 0 0.005 0.01 0.015 0.1975 098 0985 099 0995 1 1.005 1.01
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B c 10* 1 T T T ™3
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Measured combined rejection power at 400 GeV: e*/p = 106
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The Magnet and the VETO System reject random Cosmic Rays

o

In 12 years the field has
remained the same to < 1%
(from 1997 to 2010)

Measured VETO (ACC)
efficiency better than 0.99999
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Appendice 13

(Risultati AMS-02 da maggio 2011 a settembre 2014)
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La fisica di AMS-02: misure di abbondanza nucleare

=
o
s

Energie da 500 MeV a 2 TeV
con un’accuratezza dell’1% sul
ciclo solare (11 anni).

[
Q

[
o
b0

- =
o <
N o]

T S T B B

® (s m2 sr! GeV-)

Entries
H

ISS data . . -
Questi spettri forniscono

dati sperimentali necessari
per calcolare il
“background” nella ricerca
> della Materia Oscura,

loeo,p_l_c — e ,p, ecocee
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La fisica di AMS-02: rapporto Boro/Carbonio

Misure precise degli spettri di energia del B/C
forniscono informazioni sulle interazioni e la propagazione dei CR

Interazioni con il Mezzo Interstellare:

C+ (p,He) — B + ...

Diffusione T
Convezione HALO
Ri-accelerazione f > l AMS

S 9

» i DISK
Interactioni con il o : ‘ p .
Mezzo Interstellare (ISM): < 27 x 103 ly (E3
e Frammentazione
e Secondari l
e Perdite energetiche «— 100 x 103 Iy >
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L.a fisica di AMS-02: ricerca indiretta della Materia Oscura

AMS-02 ha la capacita’ di studiare ’annichilazione del Neutralino (candidato della
Materia Oscura) usando simultaneamente quattro diversi stati finali di particelle:
positroni, anti-protoni, anti-deuteroni and fotoni.

1k
- ° él(\)ls'oz ) m,=800 GeV
. years 0000000y
- c}> ......::"o. *
009'-.'! i
107 ° ¢ T
;_l- -~ m;=200GeV ¢ my,=400 GeV
Ollisj
g/ i Sion of Cosm,-c Rays
+
L
2
10 E e+ Energy (GeV)
1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
—10 102 10°

Segnale aspettato per la Materia Oscura da
AMS-02 relativo alla misura della frazione del
flusso di positroni e considerando diverse
ipotesi della massa del Neutralino.
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Segnale aspettato per la Materia Oscura da
AMS-02 relativo alla misura della frazione
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massa del Neutralino My = 840 GeV .
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La fisica di AMS-02: ricerca indiretta della Materia Oscura
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: + 3
Flusso combinato e X E misurato da AMS (Sett. 2014)
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: + 3
Flusso combinato e X E misurato da AMS (Sett. 2014)
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La fisica di AMS-02: ricerca di antimateri_a cosmica residua
(limite sulla presenza di He)

2 .
(C) (a) Buffington etal. 1981
10 ¢ (b) Golden etal. 1997
- (c) Badhwar etal. 1978
3 [ (d) Alcaraz etal. 1998
10 =) (e) Sasaki etal. 2001
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Appendice 14

(L’esperimento pilota AMS-01)
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Experience from the AMS-1 flight (STS-91) 1998

e Data taking =135 hours;
e Shuttle altitude =370 km;

e 100 million events recorded.
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Appendice 15

(Varie ed eventuali)
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Data from AMS on ISS: He rate

Space Environment Overview: 1983-01-01 00h - 2012-12-31 24h
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Rigidity ~ 20 GV
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AMS ISS data: electrons
1.03 TeV electron
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AMS ISS data: positrons

205 GeV Positron

front 3 — } T

view S :::g: ' === /
\\m:tq—ﬂ—i—ﬂ—t—&t:z:z::/

]

R e e
A

/AR

i, =

388 GeV Positron
front S——eperer——p——o

-
T T i
V|e vv P E———— Y
X X : —
T, X %
%
o

T X T x S
b — T T 4 s 4
T T, T nox T T T Ty
| — X T e R (. S—— —— -
| — e T T
\x ¥ T ¥
. 1 1 1 T & & i 1 1 & 1
1 I

1 —

EE AN N NN ANAR AN NENNE NN AR ANNRENES

—

xy B | =

Sonia.Natale@cern.ch - Italian Teachers Programme , CERN 14 Ottobre 2016

369 GeV Positron

front 2 i l T

T
: ——m == 7
ViC === =====
§ S——— 4

Illxlll[ -

Y Pe——
— i

!

ktzi:!:tljzz SIES=EN

L 1)

TTT 1T 10
IR
%y ‘ —

=

424 GeV Positron

front 2 t 1 T
i ————ss 77
view : i 7
Y
DR

¥ x e l =

126


mailto:tSonia.Natale@cern.ch

